Identification of novel pRb binding sites using CpG microarrays suggests that E2F recruits pRb to specific genomic sites during S phase.
The retinoblastoma (Rb) tumor suppressor protein is an important regulator of cell proliferation and differentiation. Many studies have shown that pRb can negatively regulate the activity of the E2F family of transcription factors during G(0) and G(1) phases of the cell cycle, perhaps by serving as a bridge between the E2Fs and transcriptional repressors such as histone deacetylases and methylases. However, pRb has also been shown to localize to discrete DNA foci during S phase, a time at which pRb is thought to be dissociated from E2F. Numerous other DNA binding proteins have been shown to interact with pRb, suggesting that pRb may control progression through S phase by binding to sites in the genome distinct from E2F target gene promoters. To test this hypothesis, we have identified novel pRb binding sites within the human genome using an unbiased approach which relies upon a combination of chromatin immunoprecipitation and CpG microarray analysis. To provide the greatest opportunity of finding distinct sets of pRb binding sites, we examined pRb binding in chromatin obtained from human Raji cells synchronized in either G(0)/G(1) phase or S phase. These experiments have allowed us to identify a large set of new genomic binding sites for the pRb protein. We found that some sites are occupied by pRb only during G(0)/G(1) phase, as would be predicted from previous models of pRb function. We also identified sites to which pRb bound only during S phase and other sites which were bound constitutively by pRb. Surprisingly, we found that E2F1 was present at most of the CpG islands bound by pRb, independent of the phase of the cell cycle. Thus, although pRb has the potential to interact with numerous transcription factors, our data suggest that the majority of DNA-bound pRb is recruited to E2F target promoters during both G(0)/G(1) and S phases.